and Ipilimumab as indicated immunologic therapy in patients with advanced prostate cancer and melanoma, respectively, has established a foothold for broader utilization of vaccine based technology in managing cancer. Despite difficulty of cell harvest and processing with sipuleucel-T and modest toxicity to Ipilimumab, when matched up with the appropriate cancer patient these immunologic approaches have provided significant benefit and have stimulated exciting forward progress in the development of new potent and less toxic (more targeted) vaccines. However, surrogate measures of activity to optimally define more sensitive subset populations and to determine length of treatment time in order to optimize management with other treatment options remain elusive. Key clinically tested vaccines under development which demonstrate correlation of patient benefit to induced immune responsiveness will be discussed. Results suggest with some vaccines correlation of patient benefit and surrogate measures of activity actually do exist. Examples will be discussed.
Introduction
So, how does it work? What are we trying to turn on or off in the immune system in order to reestablish control of our body's ability to prevent cancer from expanding? In essence, how can we prolong life, possibly with cancer, without cancer complications related to treatment and/or progressive disease? In Figure 1 the core immunologic process is demonstrated. Vaccines providing relevant tumor antigens excite the dendritic cell process to turn on afferent and efferent effector cells which create a targeted systemic attack on metastatic tumor cells. 1 Until recently systemic immune induction had been limited to therapeutic use in melanoma and renal cell cancer. Sipuleucel-T activity demonstrating statistically significant improvement in survival of advanced prostate cancer patients suggests the potential utilization of immune induction therapy (i.e., vaccines) in other solid tumors. In particular, as a proof of principle, extensive data has been demonstrated in non-small cell lung cancer (NSCLC) suggesting immune sensitivity to vaccine approaches (see Tables 1 and 2) .
Cancer targeting vaccines
Granulocyte-macrophage Colonystimulating Factor Gene Vaccine (GVAX). GVAX vaccine induces immune activation and exposes tumor antigens. Autologous lung cancer cells harvested from the patients are genetically modified with an adenoviral vector (Ad-GM) to secrete human GMCSF. After irradiation, they are administered intradermally over a sequential course every several weeks to months. The dose was administered as an intradermal injection once per month for 4 mo, then once a month or every other month for a total of 12 mo. The majority of the 75 patients in the study had non-resectable stage III or IV disease. No significant side effects were observed and of 40 patients with measurable disease, 5 (13%) had a radiographic partial response. A detectable immune response occurred in a subset of patients, which correlated with lack of disease progression, and there was a dose-related effect on overall survival (Fig. 2) . Efforts are ongoing to characterize patients who are likely to be more responsive to this vaccine, either initially or during the course of treatment, considering a panel of immune response assays, key of which involves ELISPOT assessment at baseline and at follow-up. A phase 3 trial of belagenpumatucel-L (STOP) has just completed accrual. Results are under analysis.
TGFβ2 Antisense + rhGMCSF Tumor-associated Glycoprotein (TAG)
Experience with the results involving GVAX suggest independent benefit to advanced NSCLC patients based on disparate methods of enhancement (immune stimulation, inhibition of immune inhibitors, respectively) of antigen stimulation using whole cell vaccines. We thus considered combining these activities into a single vaccine. The TGFβ2 Antisense + rhGMCSF tumor-associated glycoprotein (TAG) vaccine uses an expression plasmid that coexpresses the GMCSF and TGFβ2
antisense nucleotide sequences, incorporated into autologous tumor tissue. 3, 4 During phase 1 trial, 22 advanced cancer patients were treated. 3 Patients were infused with either 1 × 10 7 (n = 7) or 2.5 x 10 7 (n = 15) cells. There was little evidence of adverse events, apart from injection site pain.
Stable
TG4010
Lessons learned from GVAX, Lucanix and TAG studies identified in Tables  1 and 2 , as limited examples primarily involving advanced NSCLC, reveal methods of enhancing tumor antigen expression and activation of dendritic cells and other immune effectors toward providing targeted immunologic anticancer attack. TG4010 is another DNA based vaccine that expresses MUC1 antigen in combination with an expressive human interleukin-2 (IL-2) DNA sequence constructed into a modified vaccinia virus. A recent phase II study was conducted to evaluate the immune response induced by this vaccine in advanced stage NSCLC patients. 5 Sixty-five patients were randomized into 2 arms and treated until disease progression. Arm 1 involved 44 patients who received TG4010 combined with chemotherapy upfront, and TG4010 monotherapy was administered to 21 patients in arm 2. There were no significant toxic events observed. In the 37 evaluable patients, all experienced a MUC-1 specific cellular response. The OS for arm 1 was 12.7 mo and it was 14.9 mo for arm 2. One-year survival was 53%. In a follow-up randomized study of 148 patients, TG4010 was administered SC weekly for 6 weeks with and without chemotherapy. 6 Assessment of immunologic biomarkers revealed a 25% subset population with significantly increased circulating activated NK cells. Comparison of patients who received TG4010 with normal (low levels) circulating NK cells to similar patients with high NK cell levels receiving standard doublet chemotherapy revealed survival advantage to patients receiving TG4010 plus chemotherapy in correlation only with those patients with low activated NK levels (Fig. 3) . These results fulfilled requirements necessary to initiate further phase III testing targeting only the low NK group.
FANG
In order to further expand upon lessons learned for prior immune stimulating approaches, we tested a dual expressive vector containing human GMCSF DNA with a novel bifunctional RNA interference technology 7 targeting furin. Furin is a proprotein convertase which upregulates both TGFβ1 and TGFβ2, potent cancer produced immune inhibitors. Activity of Lucanix and TAG are limited to TGFβ2 knockdown; however, TGFβ1 is the predominant immune inhibitor produced by most tumor cell populations. Knockdown of the direct target (furin) and the key downstream effector targets (TGFβ1, TGFβ2) was effective (Table 3) . 8 Moreover, dual functions of GMCSF expression and knockdown of both TGFβ1 and TGFβ2 proteins were consistent and within predicted guidelines when expressed. No significant toxic effect was observed and suggested survival advantage was demonstrated between later stage patients receiving FANG and those electing to choose other standard of care options (Fig. 4) .
The observed survival different between FANG and No FANG is encouraging but these are not randomized results and patients treated were not a uniform population. Nevertheless, the median survival with most recent followup of 522 d extending out over 1,000 d is quite impressive and compares favorably to observed survival of 264 d. A recent previously published analysis at MD Anderson involving 182 phase I trial participating advanced solid tumor patients observed a median survival of only 9 mo. 9 However, more importantly, blinded comparison within the FANG treated group of patients distinguishing ELISPOT positive induced patients from ELSIPOT negative patients revealed statistically significant survival advantage of the ELISPOT positive induced group. Randomized phase II testing in frontline ovarian cancer is now ongoing.
Conclusion
Hypothesis of combining relevant cancer antigen stimulation with methods to enhance immune function and/or to reduce cancer produced immune inhibition appear on target (Fig. 5) . Several phase III trials are either recently completed (waiting for database maturity) or are ongoing. Preliminary biomarker assessment based on key assays measuring immune function suggest clinical relevance (i.e., aNK function, ELISPOT response to autologous tumor). Over the next three years results will be known from randomized trial assessment.
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